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Abstract: The palm oleic acid-based polyester was prepared from epoxidized oleic acid (EOA) as a 

monomer through the polycondensation polymerization at 120 °C with different polymerization times 

(6, 12, 18, 24, and 30 hr), respectively. The synthesized palm oleic acid-based polyester (POABP) 

showed about 97% yield. The FTIR spectrum showed the peaks of C=O and C-O of the ester carbonyl 

group appeared at 1735 cm-1 and 1244 cm-1, respectively. The 1H NMR showed the proton ester group 

-COO-CH- appeared at 4.7 ppm, while the 13C NMR showed C=O ester appeared at 173.79 ppm, 

respectively. The polyester molecular weights were between 1963 g/mol to 5501 g/mol and having a 

glass transition temperature of -19°C. The thermal degradations of the polyester occurred at 

temperatures higher than 328°C. The synthesized palm oleic acid-based polyester may be used as a 

precursor in the plastic industry.  
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1. Introduction 

Oleic acid is known as an omega-nine fatty acid and it is a prime example of a 

monounsaturated fatty acid (MUFA). Oleic acid (OA) or cis-9-octadecenoic acid is the most 

widely distributed natural fatty acid and present in most liquid vegetable oils. It is the major 

component of fatty acid in olive oil obtained from olive's ripe fruit (Olea europaea). OA makes 

up 55-80% of olive oil, 15-20% of grapeseed oil, and sea buckthorn oil [1]. Other common 

vegetable oils such as corn oil, soybean oil and palm oil contain OA  in the range of 10-40%. 

Olive oil contains 75% OA, which is more than 5 times higher than safflower oil. OA is best 

obtained from plants or vegetable oils and useful raw material in the modification and the 

production of healthier edible vegetable oil. It is a healthier source of oils and fats in the diet 

and is commonly used to replace animal fat sources high in saturated fat [2]. 

Nowadays, nearly 80 % of all polymeric materials produced in the petrochemical 

industry are derived from fossil fuel (non-renewable) resources. Unfortunately, plastics' 

growing demand has created a burden on the environment regarding unremitting exploitation 

and generation of enormous wastes and by-products from polymers and plastics production. 

Hence, the production of biopolymers has garnered research interest to provide a solution to 

this problem. Triacylglycerol oils and fatty acids are the key sources for biopolymers. Oil-

based biopolymers have numerous benefits over petroleum-based polymer monomers. They 
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are biodegradable by microorganisms that release non-toxic compounds in the environment 

and are relatively cheaper than petroleum polymers [3]. 

Plant oils are one of the very perspective, accessible and cheap types of renewable 

sources, which, together with biodegradability and low toxicity, made them an attractive raw 

material for the chemical industry. Common plant oils are mixtures of triacylglycerols, which 

are composed of three fatty acid moieties connected by a glycerol backbone. These fatty acids, 

either saturated or unsaturated, normally have 14 to 22 carbon atoms in each hydrocarbon 

chain, resulting in a relatively high overall carbon content. More importantly, the fatty acids in 

plant oils are mostly unsaturated with 0 to 3 double bonds per carbon chain. These fatty 

triacylglycerols are essential for having active reaction sites from the double bonds of the fatty 

acids and the allylic position and the ester groups present in the triacylglycerols. The molecular 

structure and nature of the triglycerols allow the incorporation of more reactive functional 

groups such as hydroxyl, epoxy, or carboxyl groups. The four major classes of polymers that 

are plant-oils-based are polyurethane, polyester, polyether, and polyolefin [4- 6]. 

Plant oils that are liquid at room temperature are extracted by pressing or solvent 

extraction. There are many types of plant oil produced worldwide, and palm oil is one of them. 

Palm oil consists of unsaturated fatty acids such as OA, linoleic acid, and linolenic acid with 

one, two, or three carbon-carbon bonds. OA has the highest percentage in palm oil. Hence OA 

is applicable for any further research for reaction and chemical modification. Among the 

chemical modifications of OA, epoxidation is an easy and effective method to produce 

intermediate products that can be used in various applications. The epoxidation process is one 

of the newest methods where fatty acids are converted to a three-member epoxide ring that is 

oxirane ring when the double bond of carbons reacts with active oxygen [7]. 

Various compounds such as alcohols, glycols, carbonyl compounds, olefinic 

compounds, alkanolamines, and polymers can be synthesized from epoxidized oil as starting 

materials. Epoxidized oil has been widely used as a polymer stabilizer and plasticizer in 

polyvinylchloride (PVC). Epoxidized oils are suitable as an intermediate for various end 

products manufacture that can be useful for industrial purposes. This is because most organic 

synthesis requires high reactivity of oxirane rings of epoxidized oil to make them involved  

Hence, palm oil's economic value is increasing because of the conversion of palm oil into 

epoxidized palm oil an important starting material for synthesized end products such as 

polyesters. Polyesters comprise a range of materials with different chemical structures and 

mechanical properties. Polyesters are extensively applied in laminates, industrial construction 

and installation, molding compounds, coatings, plastic, and adhesives. There are several 

methods of synthesizing polyesters, such as polycondensation of hydroxyl acids, diacid, and a 

diol, or by ring-opening polymerization of lactones [8]. This work aims to synthesize and 

characterize POABP from EOA as a monomer using Malaysian high-free fatty acid crude palm 

oil (HFFA-CPO) as an OA source. 

2. Materials and Methods 

2.1. Materials.  

Malaysian HFFA-CPO was obtained from a local refinery, Sime Darby, Sdn. Bhd, 

Carey Island, Selangor. The entire chemicals and solvents used in this study include hydrogen 

peroxide 30%, formic acid 85.5 %, ethyl acetate, anhydrous sodium sulfate 99 %, and 

tetrahydrofuran 99.5 % were analytical reagents and were used without additional purification. 

https://doi.org/10.33263/BRIAC116.1435914371
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC116.1435914371  

 https://biointerfaceresearch.com/  14361 

2.2. Instrumentation. 

Calorimetric measurements of POABP were conducted using a differential scanning 

calorimetry (DSC) thermal analysis system in the range of -50 to 500°C at a heating rate of 20 
°C/min. The glass transition temperature (Tg) and decomposition temperature (Td) were 

determined from the DSC thermogram of the second scan. The nuclear magnetic resonance 

analysis (NMR) for proton 1H and 13C (NMR) was carried out according to Gunstone et al. 

(2007) [9]. The spectra were recorded on a Bruker AV400111 (USA) 400 MHz at 30°C. 

Tetramethylsilane (TMS) was used as an internal chemical shift reference, and deuterated 

chloroform (CDCl3) was used as a solvent in all experiments. Fourier transforms infrared 

spectroscopy (FTIR) was carried out according to Sherazi et al. (2009) [10]. FTIR spectra of 

the products were recorded (Perkin Elmer Spectrum GX spectrophotometer) in the range of 

400 ̶ 4000 cm-1. The molecular weight (MW) of the POABP was determined at 35°C using a 

gel permeation chromatography (Agilent 1200 GPC) system equipped with a refractive index 

detector and SHODEX K-802 and K-806M columns. The weight-average molecular weight 

(Mw), number-average molecular weight (Mn), and polydispersity index (Mw/Mn) were 

determined from the elution curves obtained from this method. Calorimetric measurements 

(DSC) of the POABP were conducted using a differential scanning calorimetry (DSC) thermal 

analysis system in the range of -50 to 500°C at a heating rate of 20°C/min. The glass transition 

temperature (Tg) and decomposition temperature (Td) were determined from the second scan's 

DSC thermogram. 

2.3. Synthesis of EOA. 

OA was first separated from high free fatty acids crude palm oil using a low-

temperature methanol crystallization method based on the study of Bahadi et al. (2019) [11]. 

The isolated OA was then reacted with hydrogen peroxide and formic acid via a process 

referred to as epoxidation to generate EOA. The temperature reaction has been slowly rising 

from 60 to 80°C to complete the reaction with 350 rpm of agitation speed for 2 hr. The molar 

ratio of hydrogen peroxide: formic acid: oleic acid was 20:2:1, respectively [12]. After 2 hr, 

the organic layer (containing the epoxide) was separated and mixed with ethyl acetate. The 

solution was rinsed three times with water to eliminate residual H2O2. The water content was 

removed with anhydrous sodium sulfate, while the ethyl acetate was evaporated in a vacuum 

rotary evaporator at 45°C. The resulting precipitate was obtained and recrystallized from 

ethanol to produce EOA as a whitish powdery solid. The iodine value (IV) and oxygen oxirane 

content (OOC) were calculated according to the AOCS (Cd 1-25) and (Cd 9-57) standard 

methods [13], respectively, using the following formula: 

- Iodine value: 

I.V = 
12.69×N(Vb-Vs)

W
 

where, 

N = Normality of the Na2S2O3 solution used.  

Vb = Volume (ml) of Na2S2O3 solution used for the blank test. 

Vs = Volume (ml) of Na2S2O3 solution used to determine the sample. 

W = Weight (g) of the sample test portion. 

12.69 is used to transfer equivalent thiosulphate to g (I2). The molecular mass unit or relative 

molecular unit of I2 is 126.9. 

https://doi.org/10.33263/BRIAC116.1435914371
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC116.1435914371  

 https://biointerfaceresearch.com/  14362 

- Relative percentage conversion to oxirane (RCO %): 

RCO =
OOCexp

OOCthe
 

where, 

OOCexp = Experimental oxygen oxirane 

OOCthe = Theoretical maximum oxirane oxygen from the expression: 

OOCexp =
V × N × 1.60

𝑊𝑡
 

where: 

V = Volume (mL) of the HBr solution  

N = Normality of the HBr. 

W = Weight (g) of the sample. 

OOCthe =
I𝑉𝑜/2𝐴𝑖

100 + (𝐼𝑉𝑜/2𝐴𝑖)𝐴𝑜
𝐴𝑜 × 100 

where, 

Ai (126.9) and Ao (16.0) are the atomic weights of iodine and oxygen, respectively. 

IVo = Initial iodine value of the sample. 

2.4. Synthesis of POABP. 

POABP was prepared by heating the epoxide monomer at 120°C for 6, 12, 18, 24, and 

30 hr with magnetic stirring at 300 rpm. The polymer product was then cooled to room 

temperature. 

3. Results and Discussion 

3.1. Synthesis of EOA. 

Epoxidized oils, which are produced through the epoxidation of renewable materials, 

such as plant oils and their unsaturated fatty plant oils, have recently garnered interest in 

resolving environmental and economic issues. Furthermore, epoxidation of unsaturated fatty 

acids such as OA (C18:1) has advantages for industrial applications such as plasticizers and 

plastic stabilizers. EOA has been employed to manufacture adhesives, polymers, lubricants, 

and plastics such as polyesters [14, 15]. There are several methods to epoxidize the double 

bonds of unsaturated fatty acids, such as epoxidation by the conventional method, epoxidation 

using acid ion exchange, epoxidation using enzymes, and epoxidation using metal catalysts 

[16-18]. In this study, a peracid from a short or long-chain fatty acid such as formic acid or 

acetic acid act as an oxygen carrier and concentrated hydrogen peroxide (H2O2) acts as an 

oxygen carrier, and concentrated hydrogen peroxide (H2O2) acts as an oxygen donor used for 

epoxidation of OA. Formic acid is preferred to acetic acid as an oxygen carrier because, owing 

to its high reactivity, no catalyst is required to form performic acid. 

OA's epoxidation reaction was carried out at 80°C with a low agitation speed of 350 

rpm for 2 hr. The molar ratio of hydrogen peroxide, formic acid, and OA was 20:2:1. Table 1 

shows that the yield of epoxidized oleic acid was 85.3 %, while the relative percentage 

conversion to oxirane (RCO %) was 97.40 %. The calculated iodine value showed a significant 

decrease from 91.88 for OA to 2.284 for EOA. The final EOA product was a white powdery-

solid material, as shown in Figure 1. This is consistent with the study by Kozhevnikov et al. 

(1998) [19], who also suggested an optimum reaction temperature range of 60-80°C for OA's 
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epoxidation. The results indicated that a moderate epoxidation condition supports the formation 

of oxirane ring from OA. Abdullah and Salimon (2010) [20] also noted that epoxidation 

reaction carried out at higher temperature resulted in an unwanted increase in the degree of 

oxirane ring cleavage to glycol and hence reduced the yield. The stirring speed of 350 rpm was 

also found to be adequate to overcome mass transfer resistance under the studied temperature 

range, as suggested by earlier studies [21, 22]. 

Table 1. Physicochemical properties of EOA. 

 
Figure 1. The final epoxidized oleic acid product. 

3.2. Characterization analysis of OA and EOA. 

3.2.1. FTIR analysis. 

FTIR was used to verify the presence of the oxirane ring of EOA. The FTIR spectra 

were used to comparatively analyze OA and EOA, as shown in Figure 2. The oxirane ring 

signal can be detected at 845 cm-1, while carboxylic acid carbonyl functional groups (C=O) 

absorption bands of OA and EOA are denoted by peaks at 1708 and 1703 cm-1, respectively, 

while the stretching vibration peak of C=C for OA can be detected at 3008 cm-1. The peaks at 

2927-2856 cm-1 indicate the -CH2- and -CH3 scissoring of OA and EOA, while the absorption 

bands at 726 cm-1 indicate C-H vibration. 

 
Figure 2. The FTIR spectrum of OA and EOA. 

Parameter Values 

Yield % of EOA  85.3  

OOCtheo of EOA 5.4751  

OOCexp of EOA  5.333  

 RCO % 97.40  

IV of EOA  2.284  

IV of OA 91.88  

Notes: OOCtheo = Theoretical oxirane oxygen content, OOCexp = Experimental oxirane oxygen content, RCO % = Relative 

percentage conversion to oxirane, IV = Iodine value 

https://doi.org/10.33263/BRIAC116.1435914371
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC116.1435914371  

 https://biointerfaceresearch.com/  14364 

3.2.2. NMR analysis. 

Typical 1H NMR signals of OA  and EOA appear in the region between 0.8 and 5.36 

ppm, as shown in Figures 3 and  4, respectively. The 1H NMR spectrum for the EOA shows a 

characteristic signal for the (-CH-O-CH-) group at 2.93 ppm. The signals at 0.9 ppm indicate 

terminal methyl group (-CH3) of OA, which also appears in EOA at 0.87- 0.88 ppm.  However, 

the methylene proton signal (-CH=CH-) was shifted at 5.36 ppm of OA while they disappeared 

in EOA. The methylene groups were adjacent to one double bond (-CH2-C=C-) at 2.03 ppm of 

OA, while they also disappeared in EOA. The signal at 2.36 ppm of OA attribute to the -CH2-

COOH group, which also appears in EOA at  2.33-2.37 ppm. The signal at 7.28 ppm referred 

to CDCl3 solvent. 

 

Figure 3. The 1H NMR spectrum of OA. 

 
Figure 4. The 1H NMR spectrum of EOA. 

13C NMR spectrum of OA and EOA are shown in Figures 5 and 6, respectively. The 

signal at 14.15 ppm indicates the carbon atom of the terminal methyl group (- CH3) in OA, 

which also appears in EOA at 14.13 ppm. The carbon atoms of the terminal methyl group (-
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CH2) were identified by peaks at 22.6 - 34.07 ppm for OA and 22.68-34.03 ppm of EOA, 

common for these kinds of compounds [11]. However, the signal at 180.20 ppm denotes the 

carbonyl group's carbon atom (C=O) (carboxylic acid) of OA, which also appears in the 

spectrum of EOA at 179.74 - 179.91 ppm. The other distinctive signal was at 129.75 - 130.24 

ppm, which refers to the unsaturated carbon atoms (C=C) (olefinic carbon) in OA. On the other 

hand, the signal at 54.30 - 57.40 ppm confirms the oxirane ring of EOA, indicating that the OA 

was converted to an EOA [23]. The signals at 76.72 - 77.36 ppm attribute to CDCl3 solvent. 

 
Figure 5. The 13C NMR spectrum of OA 

 
Figure 6. The 13C NMR spectrum of EOA. 

3.3. Synthesis of POABP.  

This study synthesized POABP from the palm OA by heating the EOA monomer at 

120°C. The optimum reaction time was assessed by performing the synthesis in 6, 12, 18, 24, 

or 30 h with a magnetic stirring rate of 300 rpm. The synthesis process involves the reaction 

between the carboxyl and epoxy functional groups of the monomer. Figure 7 shows the 

chemical formation pathway of POABP from epoxidized oleic acid. A minimum of 97 % yield 
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of synthesized POABP was achieved, as clearly shown in Table 2. In general, it appears that 

polymerization for 6 hr and 12 hr produced a viscous liquid of POABP, while longer 

polymerization duration produced an extremely solid POABP. In all five polymerization times 

selected in this study, it can be deduced that POABP only solidifies when the polymerization 

is performed for 18, 24, and 30 hr, as shown in Figure 8. 

  

Figure 7. The synthesis pathway of POABP. 

 
Figure 8.  Palm oleic acid-based polyester (POABP). 

3.4. Characterization analysis of POABP. 

The data from NMR analysis (1H, 13C) and FTIR spectroscopy offers insights into the 

chemical structure of the synthesized POABP. The thermal strength of POABP from palm OA 

was evaluated using differential scanning calorimetry (DSC). Each POABP produced from the 

five different polymerization times occupies a different number of average molecular weight 

(Mn). The molecular weight and polydispersity index values determined via gel permeation 

chromatography (GPC) are recorded in Table 2.  
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3.4.1. Molecular weights determination. 

From the results of GPC, the polyester displayed the number average molecular weight 

(Mn) between 1810-2684 g/mol and weight average molecular weight (Mw) between 1963- 

5501g/mol at 120°C in 24 hr and 300 rpm for polyester. The polyester provided a range of 6–

9 monomeric units, with maximum units observed at 18 and 24 hr. The polydispersity (Mw/Mn) 

of the polyester ranged between 1.1 and 2.1. Table 2 shows the calculation of the number of 

monomeric units for polyester. The calculation number of monomeric units (Mn/M0) was done 

by dividing the number average molecular weight (Mn) by the molecular weight of the 

monomer unit (M0). The mass of the polyester monomer (EOA C18H34O3) is first calculated: 

(18 carbon atoms ×12 g/mol) + (34 hydrogen atoms × 1 g/mol) + (3 oxygen atoms × 16 g/mol) 

= 298 g/mol and the values of number-average molecular weight (Mn) for polyester from GPC 

are shown in Table 2. 

Based on the data presented in Table 2, it can be inferred that the formation of a high 

number of average molecular weight polyester is related to polymerization duration. Given the 

same reaction temperature of 120°C, POABP required at least 18 hr to solidify. The highest 

polymerization time (18 hr) resulted in the highest number average molecular weight POABP 

(2684 g/mol) with a polydispersity index of 1.4. However, the solid polyester was insoluble in 

common organic solvents such as THF and chloroform because each oleic acid epoxide 

molecule contains only one carboxylic acid group, although an oligomer chain of the epoxide 

has several existing hydroxyl side groups for the formation of branched polymers. Thus, the 

solidified product could be a mixture of linear and branched high molecular weight polyester. 

Table 2. Characterization properties of POABP. 

Polyester Polymerization conditions Thermal 

properties 

Mw (g/mol) NMUs 

(Mn/M0) 

PDI  Yield  

(%) 

Time 

(hr) 

Temp. 

(°C) 

Stirring 

(rpm) 

Tg 

(°C)  

Td (°C)  Mn Mw M0 

POABP 1 6 120 300 -

21.44 

328.5 1810  1963 298 6 1.1 98.46 

POABP 2 12 120 300 -

20.09 

334.6 2309 2682 298 8 1.2 98.30 

POABP 3 18 120 300 -

20.14 

336.6 2684 3637 298 9 1.4 97.95 

POABP 4 24 120 300 -

19.56 

342.3 2591  5501 298 9 2.1  97.86 

POABP 5 30 120 300 - - - - 298 - - 97.80 

Notes: Tg = Glass transition temp; Td = Decomposition temp; Mn = Number average molecular weight; Mw = 

Weight average molecular weight; M0 = Molecular weight of the monomer unit of (EOA); NMUs = Number 

of monomeric units for polyester; PDI = Polydispersity index (Mw/Mn) 

3.4.2. Thermal properties analysis.  

The palm oleic acid-based polyester's thermal behavior was evaluated in the range of -

50  to 500°C using DSC to take advantage of the possible emergence of transition peaks 

indicative of melting, crystallization, glass transition, and polymer degradation simultaneously. 

No prominent melting point was observed in the DSC analysis (Figure 9). The glass transition 

temperature (Tg) value of all samples was detected in the range of -19 to -20°C. Thermal 

stability is important for evaluating the chemical recycling potential of a polymer. The thermal 

decomposition of POABP started between 328 and 343oC, denoted as the polymers' 

degradation peak range or the onset temperature, thereby terming decomposition temperature 

(Td).  
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Figure 9. The DSC thermogram of POABP. 

3.4.3. FTIR analysis. 

The highly predicted outcome of this study is the formation of the ester group in the 

POABP, the presence of ester was validated using FTIR analysis. According to Pavia et al. 

(2010) [24], characteristic peak of stretching vibration of the carbonyl group for aliphatic esters 

may be present in the range of 1732-1736 cm-1, while the C-O esters are denoted by the 

characteristic peak of stretching vibration of carboxylic acids in the range of 1690-1725 cm-1. 

The functional groups and their positions for all the POABP synthesized at 6, 12, 18, and 24 

hr were extracted from the FTIR spectra and compiled in Figure 10. It is rather interesting to 

detect a carboxyl group's peak (C=O) at 1700 cm-1, associated with an oleic acid epoxide, 

apparently decreased after polymerization. Meanwhile, the new peaks observed at 1734 and 

3450 cm-1 suggest the ester group's formation (-COOR) and hydroxyl group (-OH), 

respectively. The carboxyl group peaks at 1713 and 1718 cm-1 appeared to be larger for 

polymers synthesized for 6 and 12 hr than those synthesized for 18 and 24 hr, indicating higher 

conversion yields at longer synthesis duration, given the constant polymerization temperature 

(120°C) for each set. The bands observed at 1245 and 1173 cm-1 in all synthesized POABP 

indicate C–O ester linkages.  

  

Figure 10. The FTIR spectrum of POABP. 
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3.4.4. NMR analysis.  

1H and 13C NMR analysis are possibly the most valuable techniques for analyzing the 

chemical structure. FT- NMR NMR400 MHz was used to determine the molecular chemical 

structure of POABP. The FT- NMR spectrum is exhibited in Figure 11. As anticipated, the 

epoxide group (proton signal is shown at 2.9 ppm) disappeared after polymerization. The 

chemical shift at 4.8 ppm indicates the presence of ester group RCOO-CH2 (i). The chemical 

shifts at 2.34, 3.4, and 3.6 ppm are assigned to -aliphatic -CH2-COOR (f), HO-CH- branch (g), 

and H-C-OH (h), respectively. The -CH2- (d & e) chemical shift was detected at1.53 and 1.62 

ppm, while the signal at 0.87 ppm is assigned to the methyl group (-CH3 (a)). Finally, the 

chemical shift at 1.25 ̶ 1.30 ppm is assigned to terminal methyl -CH2- (b).  

As shown in Figure 12, the 13C NMR chemical shifts at 173.79 ppm and 72.5 ppm 

indicate the presence of (C=O) (ester group in poly oleic acid structure) and C atom adjacent 

to oxygen (O-CH2) (i), respectively. The signals at 34.48 and 33.86 ppm indicate the presence 

of C atom adjacent to carbonyl (CH2C=O) (f), and 24.7ppm for -CH2- (d). The chemical shifts 

at 31.88, 31.86, 30.59, 29.72, 29.53, 29.09, 25.08, and 22.68 ppm are assigned to -CH2- (b), 

while that of 14.14 ppm denotes terminal methyl -CH3. 

 
Figure 11. The 1H NMR spectrum of POABP. 

 
Figure 12. The 13C NMR spectrum of POABP. 
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4. Conclusions 

 Many researchers have researched epoxidized plant oils in the past years because of 

their renewable and sustainable resource characteristics suitable and plausible for replacing 

petrochemical raw material in the future. This study involves the successful preparation of 

EOA from OA originating from CPO, which was subsequently heated at 120ºC to synthesize 

a polyester polymer. The chemical structure and formation of internal ester groups of the 

polyester were determined by 1H, 13C NMR, and FTIR analysis. The polyester polymer oleic 

acid products exhibited glass transition temperature at -19°C and thermal degradation after 

328°C. The POABP can be used as a precursor to the plastic industry. 
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